We report on the prenatal genetic counseling and testing experience in 343 pregnancies with twin or higher multiple gestations. By self-report, 8% (27/343) parents of these pregnancies reported meeting with a genetic counselor, and 23% (79/343) elected prenatal genetic testing. The most common testing procedures elected were maternal serum analyte screening and amniocentesis to identify fetuses with aneuploidy or neural tube defects. Use of prenatal genetic testing was correlated with advanced maternal age. No association was found between use of genetic testing and use of OI/ART or the length of time needed to conceive. Forty percent (11/27) of those who met with a genetic counselor opted to decline prenatal testing/screening. These data suggest that although clients with multiple gestation pregnancies would likely benefit from genetic counseling, many are not availing themselves of this service. Implications of these data for the genetic counseling profession are discussed.
INTRODUCTION
Use of ovulation induction methods (OI) and assisted reproduction techniques (ART) in conjunction with the trend to delay childbearing has resulted in an increased frequency of multiple gestation pregnancies Reynolds et al., 2003) . In general, the frequency of twinning in the United States population is 3% (Wright et al., 2005) . Women who use OI have an approximately 6% chance of having twins or higher order multiples (Kallen et al., 2002) . Those who use ART have a 35% chance or more for conceiving multiples (Wright et al., 2005) . Since the early 1980s the twin birth rate has increased 65%, and the birth frequency of higher order multiples has substantially increased, as well . In recent years, interest in prenatal diagnosis in multiple gestation pregnancies has increased (Jenkins and Wapner, 2000) and the need for genetic counseling has become more apparent.
Prenatal genetic counseling with couples with twin gestation pregnancies presents a series of challenges to the genetic counselor. To begin, from the educational perspective, prenatal genetic counseling with clients with multiple gestations includes information about their substantially increased risk pregnancy complications, preterm delivery, low birth weight, congenital anomalies with and without aneuploidy, and infant death (Dodd and Crowther, 2005; Reynolds et al., 2003) . The a priori chance of aneuploidy in at least one of a pair of twins is approximately 5/3 the singleton risk (Wapner, 1995) . This risk can be increased further by the mother's age and the clients' means of conception (Hansen et al., 2002; Merlob et al., 2005) . Further, the detection of a fetus with a neural tube defect or chromosomal aneupoidy by maternal serum analyte screening is lessened by the fact that there is a double source of analyte production and a greater area of diffusion in the maternal circulation (Maymon et al., 2005; Wapner, 1995) . As a result, maternal serum analyte screening is less reliable than with singleton pregnancies. Invasive prenatal testing is available for twin pregnancies, but CVS and amniocentesis are procedurally more complex and the risk for maternal and fetal complications secondary to the procedures is increased over that with singletons pregnancies (for review, see Appelman and Furman, 2005; Cuckle, 2000; Jenkins and Wapner, 2000) .
From a counseling perspective, clients with twin gestation pregnancies present additional challenges to the prenatal genetic counselor. For example, clients with twin gestations can be more anxious, depressed, and stressed during and in the first year after the pregnancy in comparison to women with singletons (Bryan, 2002 (Bryan, , 2005 Glazebrook et al., 2004; Hay et al., 1990; Klock, 2004) . Further, up until the point of genetic counseling and testing, many clients, particularly those who have conceived with the assistance of OI or ART, have focused solely on "getting and staying pregnant." The possibility that one or both of their fetuses may have a birth defect or other undesirable trait may never have been considered previously. Moreover, some parents with twin gestations may have unrealistic expectations of their future families and their parenting abilities, underestimating how their lives will change with the birth of their children and the amount of work involved in parenting in the short and long term (Bryan, 2005; Hay et al., 1990) .
Additionally, client decision-making in light of abnormal prenatal testing results may be viewed as more dire for those with twin gestation pregnancies (Bryan, 2005) , as a decision regarding the life of one fetus has direct implications for the other and the pregnancy as a whole. For example, clients who choose selective reduction of a fetus found prenatally to have Down syndrome put their entire pregnancy at risk when going forward with this choice. On the other hand, couples that choose to continue their pregnancy do so knowing that care and resources will more likely be skewed between the two children.
Only a few studies have investigated the decision-making process of clients with multiple gestation pregnancies with respect to pursuing genetic counseling and/or genetic testing. For example, in a study of 193 women with twin pregnancies, Holmes and Jauniaux (2003) found that maternal age in combination with means of conception (natural vs. assisted) influenced patients' decisions to undergo invasive prenatal testing. In another study of 146 women with twin pregnancies, Geipel et al. (2003) found that patients who used ART or OI were more likely to initially choose noninvasive procedures (i.e., maternal serum analyte screening and ultrasonography) than women who had natural conceptions.
A study by Schover et al. (1998) found that 71% of couples planning to use assisted reproductive techniques to conceive pregnancies (and were therefore at a higher chance of conceiving multiples) reported no interest in receiving formal genetic counseling. This finding is particularly noteworthy given that most of these couples also reported that that they would choose maternal serum analyte screening or invasive prenatal diagnosis in their future pregnancies (Schover et al., 1998) , and there can be considerable challenges in interpreting and decision-making related to the results of prenatal testing with multiples (Jenkins and Wapner, 2000) . Thus, important questions remain regarding factors that influence uptake of genetic counseling and choice of genetic testing for couples with multiple gestation pregnancies, and how genetic counselors may best facilitate decision-making for these clients.
The purpose of this report is to contribute to the literature regarding genetic counseling and testing in multiple gestation pregnancies by describing the utilization of prenatal genetic counseling and testing services by a community sample of 342 families with twin and higher order multiple pregnancies. Additionally, we report correlates of genetic counseling and prenatal diagnosis utilization. We hypothesize that only a minority of subjects will have met with a genetic counselor and had genetic testing. We also hypothesize that having genetic testing will be negatively correlated with having conceived using OI/ART, length of time required to conceive the pregnancy, and parity. We hypothesize that having genetic testing will be positively correlated with advanced maternal age. The results of these data as they relate to genetic counseling practice are discussed.
METHODS
Data were gathered under the Western Reserve Reading Project (WRRP), a research proto-col approved by the Institutional Review Board of the Pennsylvania State University, University Park. Specifically, the WRRP is a 5-year cohort sequential study examining gene-environment factors in the etiology of early reading and related cognitive skills in approximately 350 families with identical and samesex, fraternal twins.
Participants
Recruitment was conducted through school nominations (n = 273 schools), Ohio State Birth Records, mother of twin clubs, and media advertisements. Families were recruited if they have same-sex twins who have not yet entered second grade. The sample includes 343 sets of same-sex multiples and their parents. Enrolled families live throughout Ohio, Northern Kentucky, and Western Pennsylvania, with most being in the greater Cleveland, Columbus, and Cincinnati metropolitan areas.
Study Design
Data for this analysis were gathered from two sources: a questionnaire and a home visit. Questionnaire data were gathered by mail from one parent of each family enrolled in the WRRP via the Intake Questionnaire. Four hundred forty-three questionnaires along with consent forms were mailed out to one parent of the twins. 344 usable surveys and consent forms were returned from 343 families (one family enrolled two sets of twins in the study), for a response rate of 77.7%. For families with higher order multiples, the children enrolled in the study are a same-sex pair. In this case, the parent chose which "set" would be enrolled. (Note: For ease of presentation in this report, all children enrolled in the study are referred to as "twins"). In order to prevent resampling error, names on consent forms and questionnaires were cross-matched. Information from the consent forms and the questionnaires was maintained in separate files.
The home visit took place when the children reached 5-6 years of age. At the home visit, members of the research team gathered zygosity data and conducted neuropsychometric assessments 3 of the twins and one parent. Regarding zygosity, families could choose to have the twins give a buccal cell sample for molecular analysis or complete a questionnaire regarding the twins' physical similarities. This questionnaire has been shown to be 95% accurate in relation to zygosity as determined by DNA markers (Goldsmith, 1991; Price et al., 2000) . For additional details regarding the determination of zygosity for this study see Petrill et al. (in press ).
Questionnaire
The Intake Questionnaire included items to gather family contact information, as well as to assess the family's sociodemographics and the current general health status of the twins. Also included were items adopted from the Maternal Perinatal Scale (Hill et al., 1998) , which assesses maternal health and the twin's fetal and neonatal medical history. We created dichotomous (yes/no) items to assess whether the subjects had met with a genetic counselor and/or had maternal serum analyte screening (MS-AFP), amniocentesis, or chorionic villus sampling during the pregnancy with the twins (See Appendix).
Data Analysis
Data collected from the surveys were analyzed in aggregate. Statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS) for Windows version 12.0. Descriptive statistics (mean, standard deviation, and variance) were used to describe variables of the study population. Inferential tests included χ 2 test, correlation, and Ttests. A significance level of 0.05 (two-tailed) was used in all hypothesis testing.
The responses to open-ended items regarding perinatal medical problems, genetic conditions, and/or birth defects in the twins were analyzed by two independent raters (KFP and SR) to determine a summary medical diagnosis code for each child. Inter-rater agreement between the two raters over 96 statements was 95.3%. Any rating disagreement was discussed until a mutually agreed on consensus code was achieved.
RESULTS
Completed surveys were received from 334 sets of twins (one parent completed a survey on each of two sets), seven sets of triplets, and one set of quadruplets for a total of 343 "twins." Mothers completed 336 (98%; 336/343) of the questionnaires used for this analysis. Figure 1 reports the parents' sociodemographic characteristics. The parents were overwhelmingly Caucasian and well educated. In the majority of families, at least one parent was employed. Over 42% (145/343) of the families included children older than the twins. The modal number of older children is 1.
Of the 343 twin pairs, 57% (N = 196) were female, and 58% (N = 199) were monozygotic. The average age of the twins at study enrollment was 5.56 years (SD: 2.2). Twenty-six children (3.8%; 26/686) were born with congenital anomalies. No family reported having more than one child born with a congenital anomaly. The most common birth defects reported were congenital heart defects requiring medical intervention (N = 9) and hypospadius (N = 3). One child was affected with achondroplasia and another with mosaic Turner syndrome. The parents of each of these children reported meeting with a genetic counselor during the pregnancy to discuss their twin's respective diagnosis.
Pregnancy Conception
Seventy-one percent (245/343) of the pregnancies were planned. For the planned pregnancies, the mean length of time required to conceive the twins was 15.8 months (SD: 21.6). Twenty-seven percent of the total sample (94/343) endorsed using either OI or ART to conceive their twins. Of those who endorsed using medical assistance to conceive, 35% (33/94) reported using OI only, 37% (35/94) reported using artificial insemination with/without OI, and 29% (27/94) reported using IVF. For those using ART or OI, the average length of time needed to conceive the pregnancy was 29.6 months (SD: 25.8). The length of time required to conceive was significantly longer for those who used OI or ART than those who did not require medical assistance [t(235) = 9.47, p < 0.001].
Genetic Testing
Approximately 23% (81/343) reported having had prenatal genetic testing. The most common types of prenatal genetic testing/screening reported are presented in Fig. 2 . Additionally, 12% (10/81) reported having parental Tay-Sachs carrier testing and 5% (4/81) reported having parental cystic fibrosis carrier testing. Twenty-one percent (17/81) had amniocentesis following an abnormal result on a maternal serum analyte screen. A significant correlation was found between the age of the mothers and use of genetic testing, with use of genetic testing being more likely as a mother's age increases [r = .226, p < .001]. Nearly 17.5% (36/206) of mothers who were less than 31 years and 24% (16/67) of those who were between the ages of 31 and 34 years at the time of their pregnancies opted for prenatal genetic testing. Forty percent (28/70) of mothers who were 35 years and older at the time of their pregnancy had genetic testing. There was no significant difference found in the frequency of genetic testing for women <31 years old and those between 31 and 34 years. However, genetic testing was significantly more frequent among 35 years old and older mothers than mothers who were <31 years of age [χ 2 = 14.9, p < 0.01].
A possible trend was noted between use of genetic testing and parity [t(327) = 1.9; p = 0.059], with families with prior children more likely to report choosing prenatal genetic testing. No significant relationships were found between the use of genetic testing and use of OI/ART, the length of time needed to conceive, or whether pregnancy was planned.
Met with Genetic Counselor
Of the total cohort, only 7.9% (27/343) reported meeting with a genetic counselor prior to or during the pregnancy with their twins. The most commonly reported indications for prenatal genetic counseling were advanced maternal age (N = 18) and a standard part of fertility treatment (N = 3). Only one parent reported that she was referred for genetic counseling specifically because she had a twin gestation pregnancy. Of note, 40.7% (11/27) reported opting to neither have maternal serum analyte screening nor have invasive genetic testing following prenatal genetic counseling with a genetic counselor. Of these, six parents reported their indication for prenatal genetic counseling to be advanced maternal age, and three parents reported that their referral was "just a standard part" of their fertility treatment.
DISCUSSION
Although clients with twin gestation pregnancies could benefit from prenatal genetic counseling (Bryan, 2005; Dodd and Crowther, 2005) , anecdotally and in our clinical experience we have found that clients with twin gestation pregnancies are not routinely referred for prenatal genetic counseling services and genetic testing. In this light, we conducted an exploratory study in order to assess the use of genetic counseling and prenatal genetic testing in a community sample of families with twins. Moreover, we sought to identify maternal and pregnancy factors that likely play roles in clients' with twin gestation pregnancies, decisions about genetic counseling and prenatal genetic testing.
Prenatal Genetic Testing
The results of our study confirm our first hypothesis that only a minority of clients (23%) with twin gestation pregnancies had genetic testing/screening. This frequency is less than half of that previously reported for a general population sample of over 110,000 pregnant women (Alberman et al., 2003) . Approximately 22% of the total study cohort specifically chose maternal serum analyte screening. This frequency is less than that (67.4%) reported for an entire statewide prenatal screening program (Cunningham and Tompkinison, 1999) .
As is illustrated in Fig. 2 , 94% (76/81) of subjects that elected prenatal genetic testing chose maternal serum analyte screening. The frequency of choosing maternal serum analyte screening in our study popu-lation is particularly noteworthy given the difficulties in interpretation and reduced detection rate inherent in this screening modality (Maymon et al., 2005; Wapner, 2000) . It is possible that because discussions of maternal serum analyte screening often take place within the context of prescriptions for good prenatal care (Press and Browner, 1997 ) the subjects readily elected screening with the intention of somehow enhancing the health of their pregnancies. Alternatively, because women with twin gestation pregnancies tend to be more anxious (Bryan, 2002 (Bryan, , 2005 Glazebrook et al., 2004; Hay et al., 1990; Klock, 2004) and the fact that maternal serum analyte screening is often presented as a means of reassurance and as "just a blood test" (Press and Browner, 1997) , it may be that the high uptake of screening is secondary to a desire by the subjects to do something active to relieve at least some of their anxiety. Further, maternal serum analyte screening may be viewed as the least "risky" alternative for a pregnancy that is already at increased risk for spontaneous loss. It is beyond the scope of this study to investigate these possibilities, and further research into this area is warranted.
With respect to our second hypothesis, no significant relationships were found between electing prenatal genetic testing and use of OI or ART, length of time to conceive the pregnancy, or whether or not the pregnancy was planned. A small minority of twins was reported to have been born with birth defects or genetic syndromes. The frequency of birth defects reported in our cohort is less than that published in larger epidemiological studies (Merlob et al., 2005) . However, the significance of this difference is hard to address given the sample size of our cohort and the parent-report nature of the data.
Our data show maternal age to be the only assessed factor significantly correlated with use of prenatal genetic testing, with subjects 35 years old or older more likely to choose prenatal diagnosis. This result complements that of Jauniaux et al. (2004) . Our results may be explained by the fact that it is standard of care to refer women who are 35 years old and older for prenatal diagnosis (American College of Obstetrics Committee on Practice BulletinsObstetrics, 2001), and that many of these women opt for prenatal testing.
Finally, a trend was noted in the relationship between choosing prenatal genetic testing and parity, with subjects having no prior children more apt to decline prenatal diagnosis, including maternal serum analyte screening. The influence of prior children on genetic counseling client decision-making has been reported previously (For example, see Lippman-Hand and Fraser, 1979; Rapp, 2000) . For the subjects in this study, lack of prior children may cause them to be more reticent about electing invasive prenatal testing and risking a pregnancy complication that could result in the loss of the pregnancy and their hope for a family. Alternatively, experience with prior children may cause those with children to more readily choose prenatal diagnosis. In this case, the goal would be to gather information about how the outcome of the pregnancy could affect the lives of the children they already have, and to use this information to guide their pregnancy decision-making. Lippman-Hand and Fraser (1979) found that the presence of a child, particularly a healthy child, served to diffuse the responsibility of prenatal decision-making, downplaying the client's personal role in making the ultimate choice.
Meeting with a Genetic Counselor
Mirroring clinical experience with traditional prenatal clients, the results of this study show that while a significant number of women with twin gestation pregnancies choose prenatal genetic screening and/or testing, far fewer have genetic counseling specifically with a genetic counselor. In this study, the most commonly reported indication for meeting with a genetic counselor was advanced maternal age. However, beginning at 33 years of age women with twin gestations pregnancies the a priori risk for chromosome anomalies in at least one fetus is equivalent to or exceeds that for a 35-year-old woman with a singelton pregnancy (Wapner et al., 1995) . Moreover, the background chance for a variety of structural anomalies is increased in multiple gestation pregnancies for all women, regardless of age (Doyle et al., 1991; Mastroiacovo et al., 1999) . The means of conceiving twins can further increase the chance that at least one fetus will have an anomaly (Hansen et al., 2002; Merlob et al., 2005) . Finally, patients with twin gestations often require more psychosocial support when making decisions about prenatal testing and subsequent results than for patients with singletons (Bryan, 2005) . Thus, while most subjects in this study were referred to a genetic counselor for reasons other than the fact that they had twin gestation pregnancies, it may be argued that having a twin gestation pregnancy is reason enough to prompt a referral to a genetic counselor.
It is impossible to know if the frequency at which subjects in this study reportedly met with genetic counselors is substantially different from other groups of twin families, as such data have not been previously reported. Moreover, given the nature of our study data, we are unable to ascertain whether the seemingly low frequency is secondary to subjects disinterest in meeting with a genetic counselor or the simple issue of not being referred (Bernhardt et al., 2005) . Although some of the issues may be logistical, it is also possible that many clinicians caring for women with twin gestation pregnancies and the clients, themselves, are unfamiliar with the educational and counseling assistance that a genetic counselor can provide. Investigation into the use of patient activation techniques (Bernhardt et al., 2000) and opportunities for clinician education could provide important insight into the reasons why only a minority of clients with twin gestation pregnancies meet with genetic counselors and the ways in which genetic counselors might increase their referral base within this population.
Interestingly, over 40% (11/27) of women in this study who met with a genetic counselor to discuss prenatal testing opted to forgo prenatal genetic testing in their twin pregnancies. This study result is contrary to a commonly voiced concern that genetic counselors seek to sway clients' decisions in favor of prenatal genetic testing. This concern likely stems from the profession's roots in the eugenics movement (Resta, 1992) , historically espoused goals and interpretations of prenatal genetic counseling research studies (See Biesecker, 2001 for review), and some clients' interpretations of their genetic counseling experiences (Rapp, 2000) . It is beyond the scope of this study to uncover the basis of this intriguing result of the study, however a number of hypotheses may be made. It is possible that the clients who met with genetic counselors were already disinterested in having genetic testing, and the genetic counseling process reinforced this decision. Alternatively, the information and process of genetic counseling with the genetic counselor may have served to educate the subjects about the previously unappreciated, unfavorable characteristics of screening modalities, giving subjects the background they needed to make their decision to decline test. From another angle, genetic counseling may have allayed the concerns that the clients had about their developing babies to the point that these clients ultimately decided they did not want prenatal genetic testing. Further systematic investigation into the role that genetic counselors play in prenatal genetic testing/screening decision-making for women with twin gestation pregnancies is warranted.
Limitations
The study is limited as it was exploratory in nature and of cross-sectional design. It relied on selfreport data regarding pregnancies that took place 5-6 years ago. Significant advancements have been made in prenatal testing in recent years, including the addition of analytes to the list of those included in standard maternal serum analyte screening and the adoption of first trimester nuchal translucency measurements (Maymon et al., 2005; Wald and Rish, 2005) . These methods were not available to the parents enrolled in this study, and given the results of Geipel et al. (2003) and Wray et al. (2005) , it may be hypothesized that today women with twin gestation pregnancies may even more readily choose maternal serum analyte screening.
These data are subject to self-presentational and recall biases. Our results may not be generalizable to the greater population of families with twins. The response rate to our survey suggests that there may be significant differences between those who completed the questionnaire and those who did not. There is an inherent bias in the self-selection of those who are well educated, Caucasian, have interest in their children's reading and math skill development, and have healthy twins.
CONCLUSION
This study found that only a minority of women with twin gestation pregnancies chooses prenatal genetic testing, and far fewer meet with a genetic counselor to discuss prenatal testing. Prenatal genetic testing was significantly associated with increasing maternal age, and a trend was observed between parity and electing prenatal genetic testing. No association was found between use of prenatal genetic testing and use of OI/ART or the length of time needed to conceive. Further research is warranted to better understand demographic and psychosocial factors that play important roles in the decision to pursue genetic counseling and testing for clients with multiple gestation pregnancies and ways that genetic counselors may more readily facilitate decision-making for these clients.
